Automated determination of zinc and
copper in plasma by Sampson, B.
Journal of Automatic Chemistry, Volume 5, Number 4 (Octoher-Decemher 1983), pages 207-209
Automated determination of zinc and
copper in plasma
B. Sampson
Department of Chemical Pathology, Charin9 Cross Hospital, Fulham Palace Road, London W6 8RF
Introduction
The routine estimation of copper and zinc concentrations in
plasma and serum is becoming a more commonly requested
analysis for the management of several categories of patients.
Those being maintained on total parenteral nutrition [- 1] are at
special risk of deficiency states. There are several inborn errors
of metabolism affecting copper and zinc which are readily
detected by such measurements [2]. Increased urinary loss of
trace metals with decreased plasma concentrations occurs in
patients with liver disease, nephrotic syndrome and foll0wing
injury [3 and 4].
There has been discussion about the preferred specimen for
zinc and copper analysis. It is generally accepted that there is no
effect on the results if serum or plasma is used for copper
analysis, but large differences have been claimed for zinc analysis
[5]. The suggested source of the extra zinc is from platelets
damaged during the clotting process. Several recent reports have
suggested no significant differences between plasma and serum
zinc [6 and 7].
Another likely source of zinc contamination of plasma is
haemolysis. The zinc concentration ofplasma is approximately
one-tenth of that of erythrocytes, whereas the copper concen-
trations are of the same order of magnitude. Calculation
suggests that the effect of 1% haemolysis (a gross effect, readily
noticed in plasma) will give an apparent increase in plasma zinc
of 7"3%.
The accepted technique for copper and zinc assay in
biological fluids is flame atomic absorption spectroscopy. There
are several methods ofsample pre-treatment in common Use, i.e.
trichloroacetic acid precipitation or a simple dilution with
water, hydrochloric acid or butanol [8]. Spuriously high zinc
values have been found using the trichloroacetic acid precipi-
tation technique. Dilution is essential to prevent clogging ofthe
burner due to the high solid content ofserum. Other approaches
recerftly described include ’discrete nebulization’ of
small volumes of samples [7], flow-injection analysis [9], and
semi-automated dilution and sampling 1-10].
Automated continuous-flow systems, based on the
Technicon Auto Analyzer have been described for the assay of
calcium and magnesium concentration in plasma [11 and 12],
but have not been applied to copper and zinc. Such a system is
described here. The advantages over the previously mentioned
techniques are that full automation and low sample consump-
tion is possible. Continuous-flow apparatus is available in most
laboratories and will be technically simpler to implement than
flow-injection techniques.
Materials and methods
Reagents
Stock standards of 20mmol/1 were prepared as the metal
chlorides in O" mol/1 hydrochloric acid, from the chloride salts
dried to a constant weight at 110C. Working standards were
prepared from these (10, 20 and 30#mol/1 for zinc; 10, 20 and
50/mol/1 for copper) containing25 (v/v) glycerol to adjust the
viscosity ofthe standards to approximately that ofplasma. The
diluent used was 7.5 (w/v) butan-l-ol in deionized water, with
0"1 (v/v) of 30-Brij 35 added.
Syringes and blood-collection tubes used were found to
contain a negligible amount of zinc and copper.
Apparatus
A Pye-Unicam SP1900 (Pye-Unicam, Cambridge, UK) atomic
absorption spectrophotometer was used with a lean air-
acetylene flame (air 5.01/min, acetylene 0.9 1/min) in a 10cm
single-slot burner. The analogue output was recorded on a
Servoscribe chart recorder (Smiths Industries Ltd, London),
using mV sensitivity for zinc and 0"5mV sensitivity for copper.
An integration time of4 was applied to the signal to provide a
degree of damping, thus giving ’smoother’ response peaks and
improving precision.
The continuous-flow system (see figure 1) was constructed
from standard Technicon (Basingstoke, UK) Auto Analyzer
components to give a sample dilution of approximately one in
10. The sample uptake into the nebulizer was modified to match
the flow rate by varying the length and diameter of the
connecting tubing. The wavelengths used were 213.9 nm for zinc
and 324"8nm for copper.
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Figure 1. Continuous-flow systemfor the determination of
plasma zinc and copper.
Procedure
The system is operated with a sampling time of 20 s and wash
time of 15 s. The chart recorder is adjusted to give a full-scale
response to the highest standard used. The response is linear
over the range used.A series ofstandards and unknown samples
are loaded on to the autosampler-tray, with quality-control and
drift-control samples being included. Standards are placed in
triplicate and the beginning and end ofeach batch. Drift controls
are placed after every 10 unknown samples. The internal and
external quality-control samples are placed randomly among
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the patient samples. Internal controls are assigned target values
after assays by manual volumetric dilution on at least five
occasions. The acceptable range is normally 5 of this value.
Drift can occur unpredictably in atomic absorption systems
[12]. Where drift occurs, an interpolative correction can be
made. Drift of more than 5 of the full-scale response over a
period of 100 aspirations would lead to rejection of the batch.
This is preferred to adjustment of sensitivity control during the
assay due to the cumulative effect such adjustments have on the
base-line and calibration slope.
Results
Recovery
The recovery of copper and zinc was determined by adding
known amounts of standards to horse serum. A recovery of
99% for copper and 95% for zinc was found.
Precision
Within-batch precision for the assays was estimated on five
occasions using either horse serum (not the batch used for drift-
control purposes), or reconstituted freeze-dried serum from a
variety ofsources. At least 10 replicates were analysed each time.
The coefficient of variation obtained for the copper assay was
2.7+ 1.4 (mean +_ SD) in the concentration range 14-20 #mol/l
and for zinc was 2.7_+0-8 in the concentration range 9-
12 pmol/1.
Between-batch precision was assessed in two ways" firstly by
repeated analysis of pooled serum samples, and secondly by
paired analysis ofunknowns on two consecutive occasions. The
results are shown in table 1.
Sample suitability
Serum versus plasma
Paired heparinized and clotted blood samples were obtained
from patients attending the antenatal clinic at West London
Hospital. The plasma and serum were separated at the same
time within 2 h ofvenepuncture and stored at4C until analysed.
The zinc concentrations found in 45 pairs of samples was (mean
+ SD; pmol/1): plasma 9"8_+ 1.7, serum 9"5+ 1.8.
Contact with cells
A more important error is introduced by the length of time the
samples are left in contact with the blood cells,before separating
the plasma. Blood samples were taken from seven normal
volunteers and each sample was divided between two heparin-
ized tubes. One sample was immediately placed in ice and the
other kept at room temperature (20C). Aliquots ofblood were
centrifuged at intervals and the plasma separated for later
analysis. The results are shown in table 2.
There is no effect of storage time or temperature on plasma
copper concentrations. A significant increase in plasma zinc
concentrations occurs in samples stored at room temperature
for any length oftime, but in samples stored at4C no significant
increase in plasma zinc occurs at up to 5 h.
Table 2. Effect of storage time and temperature on
plasma, zinc and copper concentrations.
Zinc Copper
Time
on cells 4C 20C 4C 20C
Carry-over
Carry-over was determined by the method of Broughton et al.
[13]. The mean carry-over for copper was 1"2 and for zinc was
1.5%.
Table 1. Between-batch precision of automated assay of
zinc and copper.
0
lh
3h
5h
22h
(12"4_+ 1"2)1’2 (16"1 _+ 2"8)l’z
-0"07+_0"222’3 0"73+_0"294 0"00-+0"51 -0"06_+0"41
0"09-+0"35 1"41 _+0"67’ -0"18_+0"47 0"00_+0"42
0"14+_0’39 1"80___0"595 -0"07-+0’38 0"04+0"49
1"41_+0"265 4"07_+ 1"085 0"21_+0"82 0"18_+0"72
Initial concentration of samples, pmol/1.
2 Mean SD; N 7.
3=Change from zero time sample, ktmol/l.
4=p<0"05.
5=p<0"01.
(a) Replicates of the same sample
Mean_+ SD Range CV No.
Cu 10.96_+0.52 10.1-12.4 4.7% 14
2 9.48+0.56 8.5-10.5 5"9o 17
Zn 8"19_+0.37 7"4-8"9 4"5o 15
2 11-48_+0.45 10.7-12"3 3"9 26
3 26.00+ 1.10 23"7-29"4 4"2o 25
(b) Paired samples
Concentration
range Mean Difference_+ SD CV No.
Cu <20 14-9 0.63+0.57 3"8% 42
< 30 24-4 1"50+ 1"08 4.4% 50
> 30 35.3 1.37-+ 1.05 2"9% 36
Zn < 10 7.2 0.50+0.39 5.4% 58
<20 13.8 0.69-+0.59 4.3% 71
> 20 22.3 0.80 +__ 0.68 2.0% 25
pmol/l.
Haemolysis
To test the effect ofhaemolysis, a small volume ofhaemolysate of
washed erythrocyte was added to a pooled plasma sample and
zinc and copper concentrations measured. No effect was found
on copper concentrations. The effect of the equivalent of0.5
haemolysis on the zinc was an increase of 1.0#mol/1; 1.0
haemolysis caused an increase of2"2/mol/1. The increase in zinc
found is higher than that calculated, and may be in part due to
some contamination of the erythrocytes with white cells and
platelets.
Normal range
Heparinized blood was obtained from healthy subjects attend-
ing the Occupational Health Centre at Charing Cross Hospital
and the plasma was separated from the cells within h of
venepuncture. The subjects were not suffering from any known
disease, although some of the female subjects may have been
taking oral contraceptives. All samples were taken between 1300
and 1500 hours. The concentrations found are shown in table 3.
208Table 3. Normal ranges for plasma, copper and zinc.
Copper gmol/l Zinc #mol/l
Males 14"85-t- 2"891 12.53-t- 1.24
N 343 (12"1- 21’9) (10"5-15"9)
Females 17"98 +__ 5"08 11"81 -+_ 1"43
N=55 (9"3-31"3) (9"1-14"6)
Mean _+ SD.
2 Range.
3--Number of subjects.
Discussion
The method described here for the automated assay of plasma,
copper and zinc is readily adaptable to most laboratories
engaged in such work without the need for expensive modifi-
cations of existing apparatus. The within-batch precision
achieved is below 3, giving an acceptable precision for routine
clinical assay. Addition ofsodium or potassium to standards has
not been found to have any beneficial effect [8] in an inter-
laboratory comparison of methods. The need for viscosity
matching of the samples and standards may also be relatively
unimportant in some atomic absorption systems, uptake rate
being dependent on nebulizer design as well as on the sample
viscosity. In preliminary experiments using the SP1900 sig-
nificant effects of sample viscosity on uptake rates were found.
The effect of sample storage conditions on zinc concen-
trations has not previously been documented. As a result ofthese
investigations it isnow recommended that plasma be the analyte
ofchoice for zinc, and that heparinized whole blood samples be
stored in ice until the plasma can be separated, but for no longer
than 4-5 h. If this is not feasible (i.e. if no ice is available) the.
plasma should be separated within 60min of storage at room
temperature. Plasma is preferred because the time taken for
clotting and clot retraction in a specimen ofblood may allow the
leakage described above to occur, in addition to zinc release
from platelet damage during the clotting process [5]. Any
sample with visible haemolysis must be considered as less than
optimal for plasma zinc assay, although no such considerations
need apply to copper assays.
The normal range for zinc presented here is somewhat lower
than the normal ranges accepted by other workers. One factor
influencing this may be the sample conditions imposed, but the
known diurnal variation of plasma zinc and copper may be
important [14 and 15]. Most workers have reported normal
ranges on samples taken after an overnight fast. It has been
shown that food intake causes the zinc content of a mid-
afternoon plasma sample to be 80 ofan early-morning plasma
sample [ 16]. The values given here are on samples taken mostly
after a meal and may therefore be expected to yield lower
values.
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